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PHYSICAL & AGGREGATE PROPERTIES (2000) 

2580 OXIDATION-REDUCTION POTENTIAL (ORP) (PROPOSED)* 



2580 A. Introduction 



1 . Significance 

Oxidation and reduction (redox) reactions mediate the be- 
havior of many chemical constituents in drinking, process, and 
wastewaters as well as most aquatic compartments of the envi- 
ronment. l ' 5 The reactivities and mobilities of important elements 
in biological systems (e.g., Fe, S, N, andC), as well as those of 
a number of other metallic elements, depend strongly on redox 
conditions. Reactions involving both electrons and protons are 
pH- and Eh-dependent; therefore, chemical reactions in aqueous 
media often can be characterized by pH and Eh together with 
the activity of dissolved chemical species. Like pH, Eh represents 
an intensity factor. It does not characterize the capacity (i.e., 
poise) of the system for oxidation or reduction. 

The potential difference measured in a solution between an 
inert indicator electrode and the standard hydrogen electrode 
should not be equated to Eh, a thermodynamic property, of the 
solution. The assumption of a reversible chemical equilibrium, 
fast electrode kinetics, and the lack of interfering reactions at 
the electrode surface are essential for such an interpretation. 
These conditions rarely, if ever, are met in natural water. 

Thus, although measurement of Eh in water is relatively 
straightforward, many factors limit the interpretation of these 
values. These factors include irreversible reactions, electrode 
poisoning, the presence of multiple redox couples, very small 
exchange currents, and inert redox couples. Eh values measured 
in the field correlate poorly with Eh values calculated from the 
redox couples present. Nevertheless, measurement of redox po- 
tential, when properly performed and interpreted, is useful in 
developing a more complete understanding of water chemistry. 
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2. Sampling and Storage 

Do not store samples; analyze on collection. Minimize both 
atmospheric contact and delay in analysis. 
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2580 B. Oxidation-Reduction Potential Measurement in Clean Water 



1 . General Discussion 

a. Principle: Electrotnetric measurements are made by poten- 
tiometric determination of electron activity (or intensity) with 
an inert indicator electrode and a suitable reference electrode. 
Ideally, the indicator electrode will serve as either an electron 
donor or acceptor with respect to electroactive oxidized or re- 
duced chemical species in solution. At redox equilibrium, the 
potential difference between the ideal indicator electrode and 
the reference electrode equals the redox potential of the system. 
However, inert indicator electrodes that behave ideally in all 
aqueous systems, particularly in natural waters, do not exist. 



Electrodes made of platinum are most commonly used for Eh 
measurements. They have limitations, 1 as do alternative mate- 
rials such as gold and graphite. 

The standard hydrogen reference electrode is fragile and 
impractical for routine laboratory and field use. Therefore, 
silver: silver-chloride or calomel reference electrodes are used 
commonly. The redox potential measurement is corrected for 
the difference between the potential of the reference electrode 
and that of the standard hydrogen electrode. See Section 4500- 
H\ pH Value. 

It is not possible to calibrate Eh electrodes over a range of 
redox potentials (as is done with pH electrodes). Instead, stand- 
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ard solutions that exhibit both chemical stability and known re- 
dox potentials for specific indicator electrodes are used to check 
electrode response at the temperature of measurement. 

The potential of the platinum (Pt) Eh electrode versus the Ag/ 
AgCI reference electrode with KCl electrolyte in ZoBelPs so- 
lution (3 x 10 3 M potassium ferrocyanide and 2 x l()~ 2 M po- 
tassium ferricyanide in 0.1M KCl) 2 has been measured as a func- 
tion of temperature. 3 Good agreement was obtained between 
Eh values measured with this electrode pair in ZoBelPs solution 
and those calculated from the stability constants at 8 to 85°C. 
The potential of the ZoBell's solution with this electrode con- 
figuration as a function of temperature can be calculated: 4 

Eh, V - 0.428 - 0.0022 (T - 25) 

where T = solution temperature, D C. Alternatively, select the 
value from Table 2580:1. 

To determine the Eh of a sample relative to the standard 
hydrogen electrode, measure Eh of both sample and standard 
solution at the same temperature (i.e., ±0.1°C). Then calculate 
Eh value of the sample: 



£/i svslcm = E ob , 



+ Eh ZM 



- Eh 7 



where: 

£-' r ZofK-l!/[eU 



^-"Z.iHoll ( 



sample potential relative to reference electrode, 
theoretical Eh of reference electrode and Zobell's 
solution, relative to the standard hydrogen elec- 
trode (sec Table 2850:1), and 
observed potential of ZoBell's solution, relative to 
the reference electrode. 



The measurements described above can be applied analo- 
gously to other indicator electrode/reference electrode pairs and 
standard solutions. 

b. Interferences: Specific interferences may be due to operation 
of either indicator or reference electrode, redox capacity or poise 



Table 2580:1. Potential of ZoBell's Solution as Function of 
Temperature 
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of the sample, sample preservation and handling, and temper- 
ature equilibration. 

1) Sorption and poisoning effects on electrodes — Contami- 
nation of the electrode surface, salt bridge, or internal electrolyte 
in the case of reference electrodes, can lead to excessive drift, 
poor electrode response, and artifact potentials. Organic matter, 
sulfide, and bromide may cause these problems, particularly in 
long-term electrode use. 1 - 5 " 7 If excessive drift occurs or erratic 
performance of paired electrodes is observed in redox standard 
solutions after appropriate cleaning, refilling, or regeneration 
procedures, discard the faulty electrode and use a new one. 

2) pH variations — Redox potential is sensitive to pH if hydro- 
gen ion or hydroxide ion is involved in the redox half-cells. Cell 
potentials tend to increase as proton concentration increases (i.e., 
pH decreases) and Eh values drop as hydroxide concentrations 
increase (i.e., pH increase). 

3) Sample handling and preservation — The sample poise will 
govern the resistance of the sample to change in redox potential; 
this phenomenon is analogous to the resistance to pH change 
afforded by buffer capacity. Except in concentrated process 
streams, sludges, leachates, and highly reducing or treated waters, 
the concentrations of oxidized or reduced species may be fairly 
low (i.e., <10 4 M). Under these conditions, handle reduced 
samples very carefully to avoid exposure to atmospheric oxygen. 
A closed cell sampling configuration may be used/'- 8 Samples 
cannot be stored or preserved; analyze at sampling. 

4) Temperature equilibration — Obtain Eh standard solution 
reading for the electrode pair at a temperature as close as possible 
to that of the sample. Temperature determines the Eh reference 
potential for a particular solution and electrode pair. It also may 
affect the reversibility of the redox reaction, the magnitude of 
the exchange current, and the stability of the apparent redox 
potential reading, particularly in poorly poised solutions. Hold 
temperature constant for all measurements and report it with Eh 
results. 

2. Apparatus 

a. pH or millivolt meter: Use a pH meter or other type of high- 
impedance potentiometer capable of reading either pH or mil- 
livolts (mV). For most applications, a meter scale readable to 
± 1400 mV is sufficient. 

b. Reference electrode consisting of a half-cell providing a con- 
stant electrode potential. See Section 4500-H H .B.2b. 

c. Oxidation-reduction indicator electrode: The platinum elec- 
trode is used most commonly. A noble metal or graphite elec- 
trode may be useful for specific applications. 

1) Noble metal electrode — Noble metal (i.e., gold or platinum) 
foil, wire, or billet types of electrode are inert and resistant to 
chemical reaction. Clean and polish electrode surface to insure 
reliable performance. Platinum electrodes may be cleaned by 
strong acid soaking, 91 " hydrogen peroxide and detergent wash- 
ing, 15 and anodic activation. 10 Abrasive polishing with crocus 
cloth, jeweler's rouge, or 400 to 600 grit wet/dry carborundum 
paper may be best. 5 

2) Graphite electrode — A wax-impregnated graphite (WIG) 
electrode may be used, especially in aqueous suspensions or 
soils. 1213 The WIG electrode is more resistant to electrode poi- 
soning than electrodes made of platinum wire. 

d. Beakers: Preferably use polyethylene, TFE, or glass beak- 
ers. 
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e. Stirrer: Use a magnetic TFE-coated stirring-bar-type mixer. 
/. Flow cell: Use for continuous flow measurements and for 
poorly buffered solutions. 

3. Reagents 

a. Standard redox solutions: Standardize the electrode system 
against redox solutions that provide stable known Eh values over 
a range of temperatures. Although standard solutions are avail- 
able, they do not cover the anticipated range of Eh values. Com- 
mercially prepared solutions may be used, particularly in field 
testing. The composition and Eh values of standard solutions are 
shown in Table 2580:11. With reasonable care, these solutions 
are stable for several months. 

b. Eh electrode cleaners: Use either: 

1) Aqua regia — Mix 1 volume cone nitric acid with 3 volumes 
cone hydrochloric acid. Prepare fresh and discard after use. 

2) Chromic acid — Dissolve 5 g potassium dichromate, K 2 Cr 2 7 , 
in 500 mL cone sulfuric acid. 

4. Procedure 

a. Instrument calibration: Follow manufacturer's instructions 
for using pH/millivolt meter and in preparing electrodes for use. 
Use a shorting lead to verify the zero point on the meter's mil- 
livolt scale. Equilibrate the standard solution to the temperature 
of the sample. Immerse electrodes in the gently stirred, standard 
solution in a beaker (or flow cell). Turn on meter, placing the 
function switch in the millivolt mode. 

After several minutes for electrode equilibration, record read- 
ing to nearest millivolt. If the reading is more than ± 10 mV 
from the theoretical redox standard value at that temperature, 
replace reference electrode fluid and repeat the measurement. 
If that procedure fails to bring the reading to within ± 10 mV 
of the theoretical value, polish the sensing element of the indi- 



cator electrode with carborundum paper, crocus cloth, or jew- 
eler's rouge. Rinse electrode thoroughly and recheck reading 
with a fresh portion of the standard solution. If the reading is 
within ± 10 mV of the theoretical value, record it and the tem- 
perature. If the reading is not within ± 10 mV, repeat the clean- 
ing procedure above or try another electrode. Then rinse the 
electrode with distilled water and proceed with the sample meas- 
urement. 

Useful treatments for noble metal electrodes in restoring per- 
formance after long periods of use include immersion in warm 
(70°C) aqua regia for 1 to 2 min or 5 min in 6/V HN0 3 after 
bringing to a boil. Alternatively treat with chromic acid solution 
followed by 6/V HC1 and rinse with water. 

b. Sample analysis: Check system for performance with the 
standard solution, rinse electrodes thoroughly with sample water, 
then immerse them in the gently stirred sample. Let equilibrate, 
record Eh value to the nearest millivolt, and temperature to 
±0.1°C. Repeat with a second sample portion to confirm suc- 
cessive readings within ±10 mV. Equilibration times vary and 
may take many minutes in poorly poised solutions. Successive 
readings that vary less than ±10 mV over 10 min are adequate 
for most purposes. 

Make continuous flow or pumped sample measurements, par- 
ticularly of poorly poised solutions, in a closed flow cell after 
externa] calibration of the electrode system. Recalibrate daily 
and more frequently if turbid, organic-rich, or high-dissolved- 
solids solutions are being measured. 

See Table 2580:111 for recommended combinations of elec- 
trodes, standards, and sample handling. 

5. Trouble Shooting 

a. Meter: Use a shorting lead to establish meter reading at 
zero millivolts whenever possible. If the meter cannot be zeroed, 
follow the manufacturer's instructions for service. 



Table 2580:11. Preparation of Redox Standard Solutions 



Standard Solution 



Potentials of Pt Electrode vs. Selected Reference Electrodes 
at 25°C in Standard Solution 



Calomel 



Hg/Hg 2 CL 
saturated KC1 



Silver.Silver Chloride 
Ag/AgCl 



KC1 
1.00A/ 



KCI 
4.00M 



KCI 

saturated 



Standard 
Hydrogen 



Weight of Chemicals Needed/1000 
mL Aqueous Solution at 25°C 



Light's solution 14 



ZoBell's solution* 2 



+ 430 



+ 439 +475 +476 +675 39.2.1 g ferrous ammonium sulfate, 

Fe(NH J ) 2 (SO J ) 2 -6H 2 

48.22 g ferric ammonium sulfate, 
Fe(NH 4 )(S0 4 )vl2ILO 

56.2 mL sulfuric acid, ILSCX,. 
sp gr 1 .84 

+ 192 +228 +229 +428 1.4080 g potassium ferrocyanidc, 

K,Fe(CN) -3H 2 O 
1.0975 g potassium ferricyanide, 
K,Fc(CN) 

7.4555 g potassium chloride, KCI 



+ 183 



* Store in dark plastic bottle in a refrigerator. 
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Table 2580:111. Recommended Combinations for 
Selected Sample Types 



Sample Type 



Indicator 
Electrode(s) 



Reference 
Electrode 



Type of Sample 
Cell 



Process stream 
(low Br~) 

(high Br) 



Pt or Au 



Pt or Au 



Natural waters 

Surface waters Pt or Au 



Groundwater 



Soils, sludges 



Pt or Au 



WIG, Pt 
wire 



Calomel or silver: 
silver chloride 

Calomel or silver: 
silver chloride 
with salt bridge 
(double junc- 
tion reference 
electrode) 



Calomel or silver: 
silver chloride 



Calomel or silver: 
silver chloride 

Calomel or silver: 
silver chloride 



Closed continuous 
flow (dual indi- 
cator electrode) 



Closed continuous 
flow (dual indi- 
cator electrode) 
or beaker 

Closed continuous 
flow (dual indi- 
cator electrode) 

Beaker or soil 
core 



b. Electrodes: If the potentiometer is in good working order, 
the fault may be in the electrodes. Frequently, renewal of the 
filling solution for the salt bridge for the reference electrode is 
sufficient to restore electrode performance. Another useful check 
is to oppose the emf of a questionable reference electrode with 
that of the same type known to be in good order. Using an 
adapter, plug the good reference electrode into the indicator 
electrode jack of the potentiometer. Then plug the questionable 
electrode into the reference electrode jack. With the meter in 
the millivolt position, immerse electrodes in an electrolyte (e.g., 
KC1) solution and then into a redox standard solution. The two 
millivolt readings should be ± 5 mV for both solutions. If 
different electrodes are used (e.g., silvensilver chloride versus 
calomel or vice versa), the reading should be 44 ± 5 mV for a 
good reference electrode. 

Unless an indicator electrode has been poisoned, physically 
damaged, or shorted out, it usually is possible to restore function 
by proper cleaning. 

6. Calculation 

£" system ~~ £ observed ' ^ reference standard ~* £ reference observed 

Report temperature at which readings were made. 



7. Precision and Bias 

Standard solution measurements made at stable temperatures 
with a properly functioning electrode system should be accurate 
to within ± 10 mV. Calibration precision as reflected by the 
agreement of dual platinum electrodes versus an Ag:AgCl ref- 
erence electrode for over a 2-year period has been estimated at 
±15 mV (i.e., one standard deviation) in ZoBell's solution 
(N = 78) at approximately 12°C. Precision on groundwater sam- 
ples (N = 234) over the same period has been estimated at ±22 
mV (i.e., ± one standard deviation) in a closed flow cell. 15 
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